We have obtained spectra in the H-alpha and H-beta regions of the peculiar double-lined RS CVn binary, RT Lacertae, in the fall of 1984.
rotational broadening of the spectra, showed one component to be 80-90% filling the equilibrium Roche surface. The two-faced nature is therefore very likely due to mass transfer from the contact component impacting upon its companion.
Low resolution ultraviolet data showed that the supposed cooler component is bluer than its companion. This is also evidence of a scattering shell or cloud produced by the splash of a gas stream. High resolution ultraviolet data taken during secondary eclipse showed Mg II emission strength which decreased more slowly than the area visible, implying either a contribution from the contact component as well, or spatial inhomogeneities on the surface of the occulted star. The phase behavior of the low resolution data support the former situation, indicating "traditional" chromospheric activity as well. RT Lacertae has been classified as an RS.CVn system by Hall (1976) . Its fundamental characteristics and history in the literature were presented by Huenemoerder (1985) and the references therein. This paper is an extension of that work, in which we expand the data base of high quality CCD spectra of the H-alpha and H-beta regions. In addition, we have obtained spectra in the range 190 nm to 320 nm using the International Ultraviolet Explorer (IUE) in both the low and high dispersion modes. The IUE data were acquired concurrently with the ground based data.
We have used the same analysis technique as in Huenemoerder (1985) and Harden (1985) , which derives radial velocities, rotational velocities, and relative intensity weights by fitting standard star spectra to the binary spectrum. From the velocities determined, we derive an improved radial velocity curve giving a more accurate orbital solution and mass ratio. The previous curve was due to Joy (1931) and rated a "d" in Batten's (1978) catalog. Other values for the masses, from an unpublished radial velocity curve determined by Popper, are given by Popper and Ulrich (1977) , but without any error estimates. From our spectra we also determined the stellar radii from the rotational velocity, known period, and the assumption of synchronous rotation. The resulting geometry and mass ratio has the hotter component filling 80%-90% of the equilibrium Roche radius. Another result of the fitting procedure is an assessment of the excess emission or absorption in the Balmer lines, compared to the standard stars. Most coverage was at H-alpha, which showed a two-faced behavior with phase; one hemisphere displayed excess emission and the other excess absorption. H-beta spectra were more sparse in phase coverage, but were consistent with the same trend.
These observations suggested that the hotter component was indeed losing matter from the inner Lagrangian point.
Low resolution IUE exposures were made during secondary eclipse and near quadrature. The low resolution data showed a bluer continuum when the cooler and fainter star was visible. This is in agreement with the photometry of Milone (1977) . In the high resolution data, only the Mg II lines were visible.
II. Results.
All optical observations were made at Kitt Peak National Observatory (KPNO) with the coude feed telescope and spectrograph system, using camera five, grating B, and the Texas Instruments CCD. Observations were made primarily at H-alpha, with a few exposures at H-beta also. The spectral resolutions were 0.05 nm at H-alpha and 0.03 nm at H-beta, representing about two channels full-width-half-maximum of a Th-Ar comparison line at both wavelength ranges. The KPNO data presented in Huenemoerder (1985) have been included here to provide additional phase coverage in deriving the radial velocity curve and to monitor the evolution of any spectral changes. An observing log is given in Table 1 , which also includes the orbital phase using the ephemeris of Tunca, et "al. (1983r The absolute error in radial velocity, as determined from radial velocity standards, was 3.8 km s . A clear and complete description of our reduction procedure, which fits standard star spectra to the binary to derive radial velocities, rotational velocities, and intensity weights, can be found in Harden f!985). In short, all lines in the spectrum, except for regions explicitly excluded, are fit simultaneously. This avoids much of the usual problems of blending, distortion, and noise in individual photospheric profiles. We will present the results here and refer the interested reader to the former reference for the details.
(The standards used were HR7602, G8 IV, and HR7957, KO IV.) a. The radial velocity curve and orbital solution.
The radial velocity curve is shown in Figure 1 . Each component was fit independently via least-squares techniques, assuming zero eccentricity and using the ephemeris of Tunca, et al. (1983) . The solid curves plotted are the results of the fit, using the weighted mean systemic velocity from each component's solution. The various parameters and their standard errors are given in Table 2 , as are the results of the orbital solution (also assuming zero eccentricity). Note that the radial velocity errors determined from the sharp lined single radial velocity standards (3.8 km s ) are virtually identical to the deviation about the fit radial velocity curve (3.9 km s ). This shows that the composite, rotationally broadened spectra are determined with the same accuracy as single stars.
We have adopted an inclination of 89 degrees as determined from the visual light curve by Eaton and Hall (1979) . The radii were derived from the rotational velocities found in the spectral fits, the known period, and the assumption of synchronous rotation.
The mass ratio of RT Lac, according to Kopal (1978) , yields an equilibrium
Roche surface for the secondary of five solar radii as measured perpendicularly to the line joing the two stars and in the obrital plane.
Thus, for the derived radius of the secondary, it is within 80% to 90% of filling equilibrium Roche surface. Primary at phases 0.6 through 0.8, excess emission occurred from both components.
A broad emission component is superposed upon all H-alpha spectra, as is easily seen at phases 0.452 and 0.655.
The H-beta spectra are shown in the same fashion in Figure 3 . Excess H-beta spectra generally resembled the H-alpha ones, except that the G star showed little or no excess emission. There were no obvious long term changes in either the H-alpha or H-beta lines from 1983 to 1984.
The system geometry is shown from a polar view in Figure 4 . The dotted contour represents the Roche surface. The direction of view for the observed phases are marked around the outer circle.
c. The IUE Satellite Data.
Several exposures were made with the IUE satellite observatory (Boggess, et al. 1978a,b) contemporaneously with the optical observations. Two consecutive long wavelength high resolution exposures were made as RT Lac went into secondary eclipse. The only features visible were the Mg II multiplet at 280 nm. Low resolution long wavelength exposures were made during secondary eclipse and near quadratures. The Mg II line was saturated in most of these in order to expose the continuum. An observing log is given in Table 3 .
Limited photometry was also available from the IUE satellite, in the form of the fine error sensor (FES) counts and the conversion to visual magnitudes (Holm and Crabb, 1979) which are good to about 0.1
magnitude. An estimate of the B-V color index is needed for the measure, and was taken from the light curve for 1983 -1984 from Fried (1984 , discussed in Huenemoerder (1985) . The results and data necessary for conversion are listed in Table 4. III. Discussion.
Our improved orbital solution, coupled with the spectroscopically determined radii, has placed RT Lac on the verge of being only semi-detached, with the hotter, lower mass component nearly filling its
Roche lobe. The spectroscopic evidence presented here has led us to the conclusion that it indeed is semi-detached, as previously postulated by Milone (1977) , Eaton and Hall (1979) , and Milone and Naftilan (1980) . Their conclusion was based on photometric evidence, such as period changes, ellipticity and eclipse duration variations, an infrared excess, and nearness of the radius of the hotter star to the Roche limit. Some of these features could possibly be explained by a spot model, but they could not fit the light curves to their satisfaction.
Assuming that Roche lobe overflow is occurring, we can apply the dynamical theory of Lubow and Shu (1975) It is near this phase when the excess H-alpha absorption becomes strong, with broad emission wings. The absorption is slightly redshifted from the velocity of the K star. One interpretation could be that we are viewing a hot, turbulent region through an intervening receding gas; that is, we are looking along the stream as it falls onto the K star. However, the observations of Huenemoerder (1985) , indicate that the excess absorption remains right through secondary eclipse, even when the K star is occulted and suggested the possibility of mass loss through the outer Lagrangian point.
The gas stream scenario is supported by analogy to known mass-transfer systems. Peters and Polidan (1984) have reported asymmetry with phase in the behavior of ultraviolet absorption lines in some Algol-type systems. Absorptions by high ionization states were seen at phases consistent with the visibility of a stream impact as predicted by the theory of Lubow and Shu (1975) . Peters and Polidan (1984) concluded that at least one hemisphere of the mass gaining star was affected by the process, producing a high temperature accretion region. The stars in their study each had a hot companion providing a bright continuum against which to see the absorption lines. Such is not the case with RT Lac. Both components are cool stars, and no continuum was visible in four hour high dispersion long wavelength IUE exposures in an attempt to detect a similar effect here. An alternate test for high temperature regions in RT Lac would be a search for high excitation emission lines in low resolution short wavelength IUE exposures at the phases where H-alpha and H-beta showed excess absorption and emission.
The ultraviolet observations have confirmed a color inconsistency first noticed independently by Mi-lone and Hall as reported by Milone (1968) .
It was discussed by Milone (1976 Milone ( , 1977 and by Eaton and Hall (1979) (1984) and Evren, et al. (1985) . Our FES data agreed with the 1982-83 light curves. From IUE observations made during secondary eclipse (G star visible) and at quadrature, the K star was found to be nearly a magnitude bluer in a (310-V) color index. In a (310-V) versus (B-V) sequence made from the Orbiting Astronomical Observatory Catalog of Code and Meade (1979) , the spectral types formed a fairly well behaved sequence. The G9 component of RT Lac fell among the G9 to KO region, while the Kl star was among the G8 stars. It was clearly bluer both in (B-V) and in the ultraviolet index. This blueness could be a signature of a scattering shell, such as that produced by accretion of a gas stream. This possibility was also suggested by Milone (1977) .
Additional theoretical support for mass transfer is given by the work of Gilliland (1985) and the references therein. His and other theoretical calculations and observations showed that periods of steady mass loss occur for all semi-detached systems when the mass losing star is less than about one solar mass. The contact component of RT Lac is about 0.8 solar masses.
It is interesting to consider the relationship of RT Lac, SZ Psc and, current theory. SZ Psc has shown peculiar H-alpha behavior which has been attributed to visibility of active regions (Weiler, 1978; Ramsey and Nations, 1981) and to transient mass transfer (Bopp, 1981; Huenemoerder and Ramsey, 1984) . One component is near to 90% filling the Roche surface (Jakate, et al., 1976; Eaton et al., 1982) . The other star in the system has a size such that the stream would impact upon it, according to the theory of Lubow and Shu (1975) . While no excess H-alpha absorption was seen by Huenemoerder and Ramsey, there was a correlation between the profile shape and the phase, reminiscent to that in RT Lac. The masses of the components of SZ Psc are both just above a solar mass (Jakate, et al., 1976) . This is in the region where mass transfer is unstable, according to theory (Wood, 1977; Gilliland, 1985) . Thus, RT Lac and SZ Psc may be two key experiments in mass transfer in binary stars, representing the boundary between steady and transient flow. They may provide constraints needed to improve the theory. Though they are both difficult systems to obtain adequate phase coverage having periods very close to integral days, they warrant attention, perhaps enough to encourage coordinated observations in the interest of obtaining good phase and wavelength coverage.
Whether some of the spectroscopic activity of RT Lac is due to the active chromosphere phenomenon of "typical" RS CVn stars is difficult to assess. The K star always seems to have excess H-beta emission, while at H-alpha, it usually does. The G star has excess H-alpha emission near phase 0.7. This could be due to the same type of chromospheric activity as is seen in other RS CVn stars. Both components also seem to have some steady Mg II h and k emission. As the system went into secondary eclipse (K star occulted), the strength of the Mg II lines decreased, but hot as quickly as the visible area of the K star. Either the G star also has some Mg II activity, or it is spatially inhomogeneous on the K star. The low resolution IUE data also show weaker but prominent emission during secondary eclipse, suggesting that both stars are active. The consistency of the data with both theory and other observations strongly suggest that RT Lac is a mass transfer system, and that this is the primary cause of its activity. Though the system is complicated, it may provide a useful example for studies of evolution of low mass binary stars. Table 2 Radial Velocity and Orbital Solution The date, time and phase are given for mid-exposure. The exposure times are in minutes. V is given for mid-exposure, unless the phase is specified. •0 -0t-'08-"021-'09T- 
